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Introduction
Median sternotomy is the most common access for open heart surgery. Sternal wound complications, including dehiscence and infection, remain challenging and occur in 1%-3% of patients undergoing cardiac surgery w1, 2x, leading to a variable mortality rate ranging from 14% to 47% w3x.
The pathogenesis is not yet clearly defined, and various factors have been involved as potential causes, including obesity, uni-or bilateral harvesting of the internal mammary artery, diabetes mellitus, corticosteroid treatment, advanced age, female sex, active smoking, chronic lung disease, reoperation for bleeding or use of blood products, extensive use of electrocautery, the use of bone wax, hair removal with razor, and prolonged procedural times w4, 5x. Also the use of intra-aortic balloon pump, prolonged postoperative mechanical ventilation and pulmonary infection increase the risk of a mediastinal infection w6x.
Several techniques have been proposed for maximizing sternal stability in high-risk patients w7-12x.
Clinical uses of plasmatic growth factors have been reported in the treatment of articular cartilage avulsion, arthroscopic surgery, dentistry and oral-maxillofacial surgery, and muscular tear w13-15x.
The aim of this experimental study in the growing sheep model, is to evaluate the feasibility of using autologous *Corresponding author. Tel./fax: q34 943 212872. E-mail address: igallo@hemociru.com (I. Gallo). plasma rich in growth factors (PRGF) to accelerate the wound sternal healing.
Materials and methods

Experimental animals
In 24 female latxa black-faced sheep weighing 18-29 kg (mean, 22.4"3.61 kg), a median sternotomy was surgically created. In group I (12 animals, group PRGF), after closure of median sternotomy with three figure-of-eight steelwires (one in the manubrium and two in the body), three cylinders of PRGF were applied over the sternal wound, covered by the subcutaneous and dermal tissue (Fig. 1) . In group II (12 animals, group control) only three figure-of-eight steelwires were used to close the sternum.
All animals received humane care in compliance with the European Convention on Animal Care.
Anesthetic and postoperative management
Anesthesia was induced by injecting intravenously propofol (Diprivan) into the leftyright jugular vein at a concentration of 6 mgykg. The intubation was performed with an endotracheal probe (no. 7). Ventilation was ensured with a Narkomed 2C (Draeger Medical, Telford, PA, USA) respirator by the use of the following parameters: a volume of 10 mlykg, a frequency of 24 breathsymin, and a inspired oxygen fraction of 60%. Anesthesia was maintained by inhalation 1%-2% of isoflurane. Postoperative management by on August 12, 2011 icvts.ctsnetjournals.org Downloaded from of the sheep consisted of cefazolin injected intramuscularly at 1 gyday over five days. Analgesia was guaranteed using metamizol at 2 g intramuscularly every 12 h over five days.
Preparation of PRGF
Forty millimeters of venous blood were withdrawn from the jugular vein after administration of anesthesia. Blood was collected in 5-ml tubes containing 3.8% trisodium citrate, then centrifuged at 1800 rpm for 8 min (PRGF System II, BTI, Vitoria-Gasteiz, Spain). The 1 ml fractions located immediately above the erythrocytes were collected from each tube and transferred to sterile tubes. Care was taken to avoid collection from the buffy coat. Fifty microliters of CaCl at 10% (wyv) were added per 1-ml fraction 2 of platelet-enriched plasma, and the tubes were put to heat until cylindrical clots were obtained in a few minutes (Fig. 2) .
Histology
All sheep were killed nine weeks after surgery. The sternum and the surrounding soft tissue were removed and fixed in 4% (wyv) neutral buffered formalin pH 7.2-7.4 wDiapath S.r.l., Martinengo (BG), Italyx. Transversal sections of the bone were obtained, and were decalcified using JT Baker rapid decalcifier (Mallinckrodt Baker B.V., Deventer, Holland). The sections were embedded in diawax, 568-588 wDiapath S.p.s., Matinengo (BG), Italyx and sectioned to yield 3-mm-thick slices. The sections were stained with hematoxylin and eosin. The pathologist did the comparative evaluation as a blinded examiner.
Results
No early superficial wound complications were observed, although the sheep was lies at rest in prone decubitus and over a not totally clean floor.
All sheep were killed using a euthanasia solution. The sternum was removed and no dehiscences were observed, maintaining a stable consistency.
By histological analysis with hematoxylin and eosin stain, in the control group we found extensive cartilaginous areas with the presence of surrounding endochondral ossification, and new vessels as well as formation of 'woven bone' (soft callus) (Fig. 3) .
In the PRGF group, the presence of trabecular bone tissue was common, with the formation of hematopoietic medullary tissue (hard callus), as an indication of most advanced reparative phase (Fig. 4) . Occasionally, small areas of cartilaginous tissue with endochondral ossification were present.
Discussion
A median sternotomy is a common approach to the heart during cardiac surgical procedures. The ability to predict sternal complications after an operation as common as open heart surgery has important ramifications for patients, caregivers, medical research, and the health care industry. The incidence of sternal wound complications have not changed since the 1980s, although major changes occurred in patients at risk, the population became older and sicker. Many references with this subject appear every year in the cardiovascular literature and it is still a problem in the field of cardiac surgery. Most of these references focus on the treatment of the complication, instead of the prevention on its appearance.
Recent reports suggest that the process of healing may be improved by growth factors, which are small proteins synthesized both by local cells at the injury site and by infiltrated blood inflammatory cells. These factors stimulate cell proliferation, migration, differentiation, and matrix synthesis and can affect chondrocyte metabolism, chondrogenesis, and improve bone healing w13x.
Our work is based on the use of an autologous PRGF obtained from the sheep's own blood by means of a simple procedure. Upon activation, platelets aggregate producing a clot, and secrete a variety of cytokines, including adhesive proteins and growth factors, such as platelet-derived, transforming growth factor beta, vascular endothelial growth factor, basic fibroblast growth factor, insulin-like growth factor, and epidermal growth factor. These substances act on local cells inducing specific responses and modulate wound healing.
In our experience with the sternal healing in the sheep model, the process of new bone formation was accelerated in the PRGF group at the nine-week of follow-up. In contrast, in the control group, the presence of cartilaginous tissue was the most common finding.
Further studies in order to know the advantages of this method in the human clinical setting will be necessary.
